The objective of this study was to investigate the effect of an abrupt change from grass hay (81% DM) to grass silage (36% DM) or grass haylage (55% DM), fed at similar DM intakes, and to compare the effects of silage and haylage on the composition and activities of the colon microflora. The forages were from the same swath harvested on the same day. Four adult colon-fistulated geldings were randomly assigned to diets in a crossover design. The study started with a preperiod when all 4 horses received the hay diet, followed by an abrupt feed change to the haylage diet for 2 horses and the silage diet for 2 horses. All 4 horses then had a new second preperiod of hay, followed by an abrupt feed change to the opposite haylage and silage diet. The periods were 21 d long, and the forage-only diets were supplemented with minerals and salt. The abrupt feed changes were made at 0800 h. Colon samples were taken before the abrupt feed change, 4 and 28 h after the feed change, and 8, 15, and 21 d after the feed change, all at 1200 h. Colon bacterial counts, VFA, pH, and DM concentrations were unchanged throughout the first 28 h after the abrupt feed change from hay to haylage and silage. Also, fecal pH and DM concentrations were unchanged during the first 28 h. During the weekly observations, colon lactobacilli counts increased (P = 0.023) in horses receiving the silage diet and were greater than on the haylage diet at 21 d. Streptococci counts decreased (P = 0.046) in horses receiving the haylage diet and were less than on the silage diet at 15 and 21 d. Total VFA concentrations and colon and fecal pH did not differ between diets and were unchanged throughout the weekly observations. The DM concentration of colon digesta and feces decreased (P = 0.030 and 0.049, respectively) on both diets during the weekly observations. The results suggest that in horses fed at the maintenance level of energy intake, an abrupt feed change from grass hay to grass silage or grass haylage from the same crop does not induce any major alterations in the colon ecosystem during the first 28 h. During the subsequent 3-wk period, colon and fecal DM decreased and there were alterations in the lactobacilli and streptococci bacterial counts. The changes in lactobacilli and streptococci counts need further investigation.
INTRODUCTION
Few studies are published on grass silage diets for horses. Differences in digestibility between hay and silage have been suggested , and reports from horse owners (Holmquist and Müller, 2002) and measurements (Müller, 2002) of reduced fecal DM concentration have been made in connection with feeding silage. The conservation methods hay, haylage, and silage lead to differences in DM content and chemical composition, where silage usually has reduced pH, greater lactic and acetic acid concentrations, and decreased content of water-soluble carbohydrates and NDF (McDonald, 1981; Jaakkola and Huhtanen, 1993) . The fate of ingested lactate and acetate in horses is not well investigated. Hemicelluloses are hydrolyzed during the ensiling process (McDonald, 1981) , which might contribute to differences in substrate availability in the hindgut. Greater DM, ADF, and CP digestibilities for silage compared with hay from the same crop have been reported (Muhonen et al., 2009 the silage N can be in a highly degradable form because of hydrolysis of proteins to AA during ensiling, and most of the nonprotein N in silage is in the form of AA (McDonald, 1981) . Greater CP digestibility of silage compared with hay from the same crop would suggest differences in N-flow to the hindgut. An abrupt introduction of a new feed might also cause altered colon digesta and fecal composition Respondek et al., 2008) . Epidemiological studies show that a change in batch of forage is a risk factor for colic (Tinker et al., 1997; Hudson et al., 2001) . The objective of this study was to investigate the effect of an abrupt change from grass hay to silage (36% DM) and from hay to haylage (55% DM) from the same crop on the equine colon ecosystem, and to compare the adaptations with the silage and haylage diets. The hypothesis was the fermented feed (>3% lactic acid) would change the composition and activities of the colon microflora.
MATERIALS AND METHODS
The experiment was performed at ENESAD, France, and the project was conducted under license from the Department of Health and Animal Care of the French Veterinary Authority.
Horses and Management
Four adult geldings (crossbreed, 8 to 12 yr) were used. Body weight for each horse during the experiment was 431, 442, 511, and 515 kg (without restriction of feed and water), and they were fistulated in the cecum and the right ventral colon. Animals were surgically prepared by a certified large animal veterinarian, using the technique described in Drogoul et al. (2000) . Horses were kept in individual free stalls on artificial bedding and were dewormed with Ivermectine (Ceva, Libourne, France) 15 d before the start of the experiment.
Experimental Diets
The experimental treatments were 3 forage-only diets: silage, haylage, and hay. Silage (36% DM), haylage (55% DM), and hay (81% DM) with similar estimated ME content (Table 1) were restricted fed. Individual diets were calculated to meet the maintenance energy (0.5 MJ of ME × BW 0.75 ; Jansson et al., 2004) and mineral needs (NRC, 1989) , and water was offered ad libitum from buckets. The daily amount of offered silage, haylage, and hay was 4.5 to 5.4 kg of DM. Diets were supplemented (40 to 65 g/d) with a commercial mineral product (Krafft, Falkenberg, Sweden; content/kg of mineral feed: Ca, 120 g; P, 30 g; Mg, 60 g; NaCl, 125 g; Cu, 900 mg; Se, 15 mg; vitamin A, 100,000 IU; vitamin D 3 , 10,000 IU; and vitamin E, 5,000 mg). Additional salt was added to fulfill the sodium requirement (20 to 24 g/d). The horses were fed approximately 40% of the daily forage allowance at 0800 h and 60% at 1730 h.
The grass forages [ Table 1 ; approximately 0.55 timothy (Phleum pratense), 0.30 meadow fescue (Festuca pratensis), 0.10 couch grass (Agropyron repens), 0.05 dandelions (Taraxacum vulgare)] were produced in the same field outside Uppsala, Sweden (latitude 59° N, longitude 17° E). The crop was cut on the same day and wilted to different DM contents. The silage was wilted for 28 h, the haylage for 51 h, and the hay was wilted for 69 h and then put on a barn-drier. During baling, an inoculant (Medipharm, Kågeröd, Sweden) was added to the silage and haylage by 2 nozzles attached to the baler pick-up frame, spreading the additive on the crop as it was collected by the pick-up. The additive consisted of freeze-dried lactic acid bacteria (LAB) containing Lactobacillus plantarum NCIMB 30083, Enterococcus faecium NCIMB 11181, Pediococcus acidilactici NCIMB 30086, and Lactococcus lactis NCIMB 30117, cellulolytic enzymes (Genencor Multifect CEG IUB 3.2.1.4, 54,000 hydroxyethylcellulose/g of concentrate), potassium sorbate, and sodium benzoate. The additive supplied approximately log 5.3 cfu of LAB/g of fresh matter (FM), 1.8 × 10 −4 g of potassium sorbate, and 4.2 × 10 −4 g of sodium benzoate per g of FM for the silage, and log 5.3 cfu of LAB/g of FM, 1.6 × 10 −4 g of potassium sorbate, and 3.8 × 10 −4 g of sodium benzoate per gram of FM for the haylage. The silage and haylage were conserved as bales wrapped in white plastic (round bales 460 kg/bale for haylage and 680 kg/bale for silage). Before the transport from Sweden to France, approximately 7 mo after baling and 1 mo before start of experiment, the silage and haylage bales were opened and baled again into small square bales (50 to 70 kg/bale). Rebaling in smaller bales during wintertime seems to have little or no effect on the hygienic and nutritional quality of the forage (Müller, 2003) . The hay was conserved in small square bales (10 to 12 kg/bale).
Experimental Design
The horses were randomly assigned to diets in a crossover design. The study started with a preperiod of 21 d with the hay diet, followed by an abrupt feed change to the haylage for 2 of the horses and to the silage for the other 2 horses. The silage and haylage diets were fed for 21 d. All horses then had a new second preperiod of hay for 21 d, followed by an abrupt feed change to the opposite haylage or silage for 21 d. All 4 horses made an abrupt change from hay to haylage and from hay to silage. The abrupt feed changes were made at 0800 h. The horses were weighed 3 times every week during the experiment, always at 1000 h (without restriction of feed and water), and water intake was measured daily (there were 8 missing values on the haylage diet and 5 missing values on the silage diet when horses had tipped over buckets).
Feed Sampling and Analyses
Silage and haylage samples for chemical analyses were taken weekly, and hay samples were taken 1 to 2 times in each preperiod throughout the experiment and immediately frozen (−20°C). The frozen samples were chopped and pooled into 1 sample for each feed and period, and then divided into subsamples for analyses on FM, DM, and pressed silage juice. Juice was extracted from the forages in a hydraulic press, the samples were mixed 1:1 (wt/wt) with distilled water, frozen for 24 h, and then thawed before juice extraction. Feed samples were taken aseptically, using clean plastic bags, once during each period for microbial analyses.
Preparation and conventional chemical analyses (DM, NDF, water soluble carbohydrates, ash) of feeds were performed as described by Palmgren Karlsson et al. (2000) except for the silage N analysis that was done on FM. Dried and milled samples of silage, haylage, and hay were incubated for 96 h in buffered rumen liquid (39°C), and in vitro digestible OM was determined as described by Lindgren (1979) . The calculation used for estimated ME for ruminants (ME r ) was y = 0.160 x -1.91, where y is MJ of ME per kg of OM and x is the value for in vitro digestible OM (Lindgren, 1983) . For the ME content for horses (ME h ), the equation ME h = (1.12 ME r ) -1.1 was used (Jansson et al., 2004) . Ammonia N concentration was determined by direct distillation using Kjeltec Auto System 1020 (FOSS, Höganäs, Sweden). The silage, haylage, and hay juice were analyzed for VFA using HPLC according to Andersson and Hedlund (1983) . Minerals were determined by boiling samples in nitric acid (7 M) and measurements were done with inductively coupled plasma optical emisson spectrometry (SS-EN 14538:2006, Ametek Spectro, Kleve, Germany). Analyses of feed microbiological quality (yeast, mold, clostridia, LAB) were made according to established microbiological methods as described by Müller (2005) . Enterobacteria were cultivated for growth of facultative anaerobes on violet red bile dextrose agar plates at 37°C for 48 h (Seale et al., 1986) .
Colon and Fecal Sampling and Analyses
Samples for microbial analysis were obtained by gravity, via the colon cannulas into flasks maintained at 38°C, from the colon at 1200 h the day before the abrupt feed change to haylage or silage (−20 h), then 4 and 28 h after the feed change (at 1200 h) and 8, 15, and 21 d after the feed change (at 1200 h). Samples for chemical analyses were taken from the colon and rectum at the same time as the samples for microbial analysis. Feces and colon content for chemical analyses were filtered (squeezed) through a 100-µm Blutex nylon screen (SAATI, Sailly-Saillisel, France), and 2 subsamples were immediately frozen (−20°C).
Fecal and colonic content pH was measured immediately after each collection, using an electronic pH meter (WTW, Weilheim, Germany). The colon fluid was analyzed for VFA using the technique described above. Osmolality of colon fluid supernatant (16,000 × g, 5 min) was determined on the 28-h sample and the 21-d sample by freezing-point depression (Advanced Osmometer, model 3250, Norwood, MA).
Bacterial inoculations were conducted in 3 dilutions with 3 replicates and performed under an O 2 -free CO 2 gas phase. Total viable anaerobic bacteria were cultivated for 48 h at 38°C in roll tubes prepared with a modified complete agar medium (Leedle and Hespell, 1980; Julliand et al., 1999) . Cellulolytic bacteria were cultivated with a broth medium (Halliwell and Bryant, 1963; Julliand et al., 1999) for 14 d at 38°C, and concentrations were calculated by the most probable number method. Lactic acid-utilizing bacteria were selectively cultivated in roll tubes for 48 h at 38°C on the medium used by Mackie and Heath (1979) . An overlay method with a bile esculin azide agar medium was used to enumerate Streptococci spp., and an overlay method with a Rogosa agar medium was used for Lactobacilli spp. on Petri plates incubated for 48 h at 38°C (BK158HA, Biokar diagnostics, Beauvais, France).
Silage or haylage effects on the equine colon
Statistical Analysis
The data were divided into 2 parts. The first part was an analysis of short-term effects including samples taken before (−20 h) and at 4 and 28 h after the abrupt feed change. The second part was an analysis of longterm effects including samples taken before (−20 h) and at 8, 15, and 21 d after the abrupt feed change. Logarithmic transformations (log 10 ) were performed on microbial counts before the statistical analysis. All variables were analyzed by a statistical model including fixed (period, treatment, sampling time within period) and random (horse) effects. The model for an observed variable of horse i in period j, given treatment k at sample time l, was
The effect of repeated measurements within a horse i was modeled by assuming the errors e ijkl to have correlation coefficient ρ d where d is the time difference between the sampling occasions. The other model components are the overall mean μ, the effect of horse h i , the effect of period π j , the effect of treatment γ k , the effect of interaction between period and treatment (πγ) jk , the effect of sample time within period t l , the effect of interaction between treatment and sample time (γt) kl , and the random error e ijkl . The ANOVA was performed using the MIXED procedure (SAS Inst. Inc., Cary, NC). Error for all effects except interaction between treatment and period was used to test main effects. When significant main effects of time or significant time × treatment interactions occurred, pair-wise t-tests were done to separate the main effect means. Values are presented as least squares means of 4 horses with the pooled SEM (n = 4). Differences were considered statistically significant at P < 0.05.
RESULTS
During the preperiods with hay the horses consumed 5.1 ± 0.3 kg of DM per horse per d, the daily water intake was 15.3 ± 1.0 kg, and BW of the horses were 474 ± 41 kg. No feed residues and no differences occurred in daily DM intake for the haylage and silage diets (5.2 and 4.9 kg of DM, respectively, SEM = 0.10; 1.0 to 1.1% of BW). Body weight did not differ between the haylage and the silage diet (476 vs. 475 kg, SEM = 1.6). Daily water intake by drinking and total daily water intake, including water in the feed, did not differ between the haylage and the silage diet (15.1 vs. 11.9 kg, SEM = 1.07, 19.4 vs. 20.7 kg, SEM = 1.00).
Twenty-Eight Hour Observations
Counts of colon total anaerobic, cellulolytic, and lactate-utilizing bacteria and lactobacilli and streptococci did not differ between diets and were unchanged throughout the first 28 h after the abrupt feed change from hay to haylage and silage (Table 2) . Colon acetate, propionate, butyrate, and total VFA concentrations did not differ between diets and were unchanged throughout the first 28 h after the abrupt feed change (Table 2) . Concentrations of colon lactate were almost exclusively under the detection limit (<0.2 mmol/L) in horses receiving both diets.
The DM concentration and pH of colon digesta and feces did not differ between diets and were also not changed throughout the first 28 h after the abrupt feed change ( Table 2) . Osmolality of the colon digesta did 
Weekly Observations
Colon total anaerobic, cellulolytic, and lactate-utilizing bacteria did not differ between diets and were unchanged throughout the weekly observations (Table  3) . There was a time × treatment interaction on colon lactobacilli and streptococci counts. Colon lactobacilli counts increased on the silage diet and were greater than on the haylage diet at 21 d (Table 3) . Colon streptococci counts decreased on the haylage diet and were less than on the silage diet at 15 and 21 d (Table 3) . Colon acetate, propionate, butyrate, and total VFA concentrations did not differ between diets and were unchanged throughout the weekly observations (Table  3) . Concentrations of colon lactate were almost exclusively under the detection limit (<0.2 mmol/L) on both diets. Colon and fecal pH did not differ between diets and were unchanged throughout the weekly observations.
The DM concentration of colon digesta and feces decreased on both diets (Table 3) . Osmolality of the colon contents did not differ between the haylage and the silage diet at 21 d (263 vs. 248 mOsm/kg of H 2 O, SEM = 4.7).
DISCUSSION
In the present study, only digesta samples from the colon were obtained because greater microbial variations in the colon than in the cecum during diet changes have been shown . Fine particles flow quickly through the cecum and remain in the colon longer (Drogoul et al., 2000) , and the colon is also the main site where digestive disorders occur (Freeman, 1997) . The equine hindgut microflora is very reactive, and microbial changes in cecum and colon have been observed 5 h after an abrupt incorporation of barley Within a row, means without a common superscript letter differ (P < 0.05).
1
Values are least squares means, n = 4.
2 Diets: S = silage; H = haylage.
3 Acetate, propionate, butyrate, isobutyrate, isovalerate, n-valerate, and lactate. *Differ from the alternative diet at the same time point (P < 0.05).
Silage or haylage effects on the equine colon into a hay diet . Microbial responses, depending on the composition of the feed, have mainly been shown with concentrate diets (Goodson et al., 1988; de Fombelle et al., 2001) , and changes in response to forage with varying chemical composition are not well investigated. However, differences in colon total anaerobic bacteria and lactobacilli counts were observed within 24 h after an abrupt change between grass silages differing in CP concentration (Muhonen et al., 2008) . In the present study, the abrupt feed change from grass hay to grass haylage or grass silage did not cause any differences in the microbial counts or activities, or colon DM concentrations and osmolality during the first 28 h. Because samples were obtained at 1200 h for all sampling occasions, diurnal or postfeeding fluctuations should not be observed. This indicates that when the digesta reached the hindgut there were no major differences in the substrates available. The results indicate that horses fed at maintenance level could safely be subjected to a feed change from grass hay to grass silage or grass haylage from the same crop provided the hygienic quality is similar. However, the lack of differences in the present study do not exclude the possibility that there could be microbes other than those cultivated that may be affected by an abrupt change in forage. The DM concentration of the colon digesta from horses receiving all diets throughout the experiment were similar to the DM concentrations in colon (Muhonen et al., 2008) and cecum digesta previously reported for horses fed forage, but less than horses fed mixed diets (Schwabenbauer et al., 1982) . The greater water and ion binding capacity of undigested fibrous material leads to a reduced absorption rate and may be the main reason for an accumulation of water and electrolytes in the hindgut (Coenen and Meyer, 1987) . The DM concentration in both colon digesta and feces decreased during the weekly observations for horses receiving the haylage and the silage diet. The differences in DM concentrations could be due to differences in the fiber fractions of the forages. The hay, haylage, and silage were from the same swath and were harvested on the same day; however, the hay had greater NDF content. This could be due to greater leaf losses during handling in the field because hay is drier and more brittle (Honig, 1980) . Greater NDF concentrations in hay compared with silage simultaneously harvested have been reported previously (Jaakkola and Huhtanen, 1993) . Hemicelluloses are hydrolyzed during ensiling and along with other chemical changes during the ensiling process (McDonald, 1981) might induce changes in the content and composition of the carbohydrate and fiber fractions reaching the hindgut. Greater apparent ADF digestibility for grass silage compared with hay from the same crop has been reported, but the apparent digestibility of the NDF fraction did not differ (Muhonen et al., 2009) . The NDF and ADF analyses only roughly estimates the fiber fractions and a more specific analysis of nonstarch polysaccharides might give a more comprehensive understanding (Longland et al., 1997; MooreColyer et al., 2002) . The major factor for differences in DE and digestible OM among forages is the carbohydrate composition (Fonnesbeck, 1968) . Also, the prececal N digestion seems to decrease with increasing fiber content of the forage (Gibbs et al., 1988) .
Water intake by drinking decreases as the DM concentration of forage decrease, which is logical because more water is provided via the feed (Austbø, 1990) . However, greater total water intake (water by drinking + water in feed) when feeding silage compared with hay from the same crop has been observed previously with horses in training (Austbø, 1990; Muhonen et al., 2009) . Greater apparent DM, ADF, and CP digestibilities and estimated evaporation of the silage compared with the hay diet was also reported by Muhonen et al. (2009) , suggesting a greater heat production in horses receiving the silage diet. In the present study, although not significant, a similar pattern was observed; horses drank more water when consuming the haylage compared with the silage diet (~3 kg), measured throughout the experiment; however, the total water intake was greater in horses receiving the silage diet (~1 kg).
Colon lactobacilli counts increased during the weekly observations, and at 21 d the counts were greater in the silage vs. the hay and haylage diets. It has been shown in vitro that LAB from silage can pass into rumen fluid and survive there (Weinberg et al., 2004) . Lactobacillus rhamnosus has been shown to survive transit through the gastrointestinal tract of horses, although the extent of colonization was low (Weese et al., 2003) . Drouault et al. (1999) showed, using Lactococcus lactis in rats, that the manner in which bacteria were administered had a dramatic impact on survival in the gastrointestinal tract. If transiting with the diet, Lactococcus lactis was fairly resistant to gastric acidity with 90 to 98% survival (10 to 30% survival in the duodenum). The silage used in the current study contained a great number of LAB (6.6 log 10 cfu/g of FM) and possibly lactobacilli from the silage survived transport to the colon. However, the lactobacilli counts also tended to differ between the 2 preperiods of hay (−20 h same hay) especially due to the response of 2 of the horses. In Muhonen et al. (2008) , similar differences in LAB counts between 2 silages did not cause any differences in colon lactobacilli and streptococci counts. Individual differences and also large SEM for microbial and biochemical measurements indicate a considerable variation in the colon ecosystem, which agrees with other reports using culturing techniques (Medina et al., 2002; de Fombelle et al., 2003; Muhonen et al., 2008) . In regards to the haylage diet, colon streptococci counts decreased during the weekly observations and at 15 and 21 d were less than on the hay and silage diets. However, the differences in bacterial counts did not cause any differences in colon VFA concentrations, pH, or osmolality. Greater apparent digestibility of silage and decreased fecal VFA compared with hay from the same crop has been observed previously with athletic horses consuming twice the amount of DM daily (Muhonen et al., 2009) . The lack of change in other variables makes the differences in bacterial counts difficult to interpret, and further research is needed to confirm and explain these changes. For example, an increase in amylolytic bacterial concentration reflects a greater utilization of starch in the colon and is linked to an increase in end products such as propionate or lactate . The lactobacilli and streptococci counts on the haylage and silage diets were less than reported in other studies in which mixed diets have been fed (de Fombelle et al., , 2003 .
Colon bacterial counts, VFA, pH, fecal pH, and DM concentrations were similar to previously reported results when horses were fed grass silage diets (Muhonen et al., 2008) . The reduced colon lactate concentrations are in agreement with previous studies investigating fiber and roughage diets (Mackie and Wilkins, 1988; Muhonen et al., 2008) and mixed diets for horses (Argenzio et al., 1974; de Fombelle et al., 2003) .
The fate of ingested lactate and acetate is not well investigated in the horse. In the present study, the intake of lactate and acetate was greater from the silage than from the haylage (approximately 170 vs. 10 g/d and 20 vs. 4 g/d, respectively). However, when digesta reached the colon there were no differences in VFA among the diets. Varloud et al. (2007) measured lactate-utilizing bacteria in gastric contents ranging from 3.18 to 5.38 log 10 cfu/mL. Jaakkola and Huhtanen (1992) calculated the metabolic fate of infused lactate into the rumen on a molar basis, and 0.21 of lactate was converted to acetate, 0.52 to propionate, and 0.27 to butyrate when bulls were fed a grass silage-based diet. In the same study the molar proportion of propionate in rumen VFA increased linearly, and that of acetate decreased linearly with increasing rate of lactate infusions (Jaakkola and Huhtanen, 1992) . It could be assumed that the lactate ingested via the silage in the present study was converted to acetate, propionate, and butyrate. The stomach and the large intestine are the major sites of VFA production, and the large intestine has a great capacity of VFA absorption; however, the stomach appears unable to transport organic acids into the blood system (Argenzio et al., 1974) . The gastric and pyloric mucosa absorbs VFA, but only transports small amounts to the blood side (Argenzio et al., 1974) .
In conclusion, an abrupt feed change from grass hay to grass haylage or grass silage did not have any major short-term effects on the colon ecosystem, which indicates that grass forage with similar chemical and botanical composition, but preserved by different methods, could safely be rapidly introduced to maintenancefed horses. During the subsequent 3-wk period, DM concentration of colon digesta and feces decreased, and there were alterations in the lactobacilli and streptococci bacterial counts. The bacterial changes during the weekly observations need further investigation.
